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Epitome 

(57) [Abstract] 

[Technical problem] Offer the electric power-steering equipment which can improve a steering feeling, without 
worsening the transit stability of a car, and the astringency to the center valve position of a handle. 
[Means for Solution] The current command value for controlling the motor current which flows on a motor 4 is 
set as the value which subtracts brake current value deltalbc which the brake current control section 34 
generates, and is acquired from the sum of the target current value I which the torque motor current 
characteristic table 31 generates, and current correction value deltal which the derivative-control table 32 
generates. And brake current value deltalbc which the brake current control section 34 generates is set up by 
multiplying the brake current basic value Ibc corresponding to the motor engine speed N by the torque 
correction factor according to the relation of the direction of steering torque and the hand of cut of a motor 4 
which act on the vehicle speed correction factor and handle according to the vehicle speed V. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Electric power-steering equipment which is characterized by providing the following and which gives 
the torque which a motor generates to a steering device and performs steering assistance The motor rotation 
detection means for detecting the above-mentioned motor rotation direction and a rotational frequency The 
steering torque detection means for detecting the direction and magnitude of steering torque which are 
inputted into the above-mentioned steering device A current desired value setting means to set up motor 
current desired value based on the magnitude of the steering torque detected by this steering torque 
detection means A brake current setting means to define the brake current value which should be subtracted 
from the motor current desired value set up by the above-mentioned current desired value setting means 
based on the direction and magnitude of steering torque which are detected by the hand of cut, the rotational 
frequency, and the above-mentioned steering torque detection means which are detected by the above- 
mentioned motor rotation detection means 

[Claim 2] Electric power-steering equipment according to claim 1 characterized by including further a motor 
control means to control the above-mentioned motor as a current command value which is a current value 
which should supply the value which subtracts the brake current value set up by the above-mentioned brake 
current setting means, and is acquired from the motor current desired value set up by the above-mentioned 
current desired value setting means to the above-mentioned motor. 

[Claim 3] Electric power-steering equipment according to claim 1 or 2 characterized by providing the following 
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The above-mentioned brake current setting means is a basic value setting means to set up a brake current 
basic value based on the hand of cut and the number of rotations which are detected by the above-mentioned 
motor rotation detection means. The hand of cut detected by the above-mentioned motor rotation detection 
means A direction difference decision means to judge difference with the direction of the steering torque 
detected by the above-mentioned steering torque detection means A torque correction factor setting means 
to define a torque correction factor based on the magnitude of the steering torque detected by the decision 
result of this direction difference decision means, and the above-mentioned steering torque detection means, 
and the 1st multiplication means which carries out the multiplication of the torque correction factor set as the 
brake current basic value set up by the above-mentioned basic value setting means by the above-mentioned 
torque correction factor setting means 

[Claim 4] The above-mentioned electric power-steering equipment includes further the vehicle speed 
detection means for detecting the travel speed of a car. The above-mentioned brake current setting means A 
vehicle speed correction factor setting means to define a vehicle speed correction factor based on the travel 
speed of the car detected by the above-mentioned vehicle speed detection means, Electric power-steering 
equipment according to claim 3 characterized by including further the 2nd multiplication means which carries 
out the multiplication of the vehicle speed correction factor set up by this vehicle speed correction factor 
setting means to the brake current basic value set up by the above-mentioned basic value setting means. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electric power-steering equipment which gives the torque 

which an electric motor generates to a steering device, and performs steering assistance. 

[0002] 

[Description of the Prior Art] From the former, the torque which an electric motor generates is transmitted to 
the steering device of a car, and, thereby, the electric power-steering equipment with which steering is 
assisted is used. The motor current supplied to an electric motor is controlled by this kind of electric power- 
steering equipment by making into a motor current command value the value which subtracts the brake 
current value defined based on the rotational speed and the car rate of an electric motor, and is acquired from 
the target current value defined based on the steering torque inputted by actuation of a handle. A brake 
current value is set as a comparatively small value, when a car rate is a low speed, and it is set as a big value 
at the time of a high speed. Thereby, the stability of the car at the time of high-speed transit can be raised, 
and a handle can be made to converge on a center valve position (location of the handle at the time of 
rectilinear-propagation transit) promptly. 
[0003] 

[Problem(s) to be Solved by the Invention] However, with the above-mentioned conventional technique, since 
a brake current value is determined regardless of actuation of a handle, for example, when cutting a handle 
deeply from a center valve position to an one direction, sufficient torque did not occur from an electric motor, 
but there was a possibility of giving an operator a feeling of friction. Then, the purpose of this invention is 
offering the electric power-steering equipment which can improve a steering feeling, without solving an above- 
mentioned technical technical problem and worsening the transit stability of a car, and the astringency to the 
center valve position of a handle. 
[0004] 
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[The means for solving a technical problem and an effect of the invention] Invention according to claim 1 for 
attaining the above-mentioned purpose The motor rotation detection means for being electric power-steering 
equipment which gives the torque which a motor generates to a steering device and performs steering 
assistance, and detecting the above-mentioned motor rotation direction and a rotational frequency, The 
steering torque detection means for detecting the direction and magnitude of steering torque which are 
inputted into the above-mentioned steering device, A current desired value setting means to set up motor 
current desired value based on the magnitude of the steering torque detected by this steering torque 
detection means, It is based on the direction and magnitude of steering torque which are detected by the hand 
of cut, the rotational frequency, and the above-mentioned steering torque detection means which are detected 
by the above-mentioned motor rotation detection means. It is electric power-steering equipment characterized 
by including a brake current setting means to define the brake current value which should be subtracted from 
the motor current desired value set up by the above-mentioned current desired value setting means. 
[0005] Moreover, invention according to claim 2 is electric power—steering equipment according to claim 1 
characterized by to include further a motor control means control the above-mentioned motor as a current 
command value which is a current value which should supply the value which subtracts the brake current value 
set up by the above-mentioned brake current setting means, and is acquired from the motor current desired 
value set up by the above-mentioned current desired value setting means to the above-mentioned motor. 
According to the above-mentioned invention, the brake current value which should be subtracted from motor 
current desired value takes into consideration a motor rotation direction and not only a rotational frequency 
but the direction and magnitude of steering torque, and is defined. When making a handle converge on a center 
valve position promptly when returning to a center valve position from the condition which cut the handle 
deeply and cutting a handle deeply the right or leftward by this by controlling a motor by making into a current 
command value the value which subtracts a brake current value and is acquire from motor current desired 
value as indicate by claim 2 , it becomes possible to generate the torque which can fully perform steering 
assistance from a motor . Therefore, in case a handle is cut deeply the right or leftward, a possibility of giving 
an operator a feeling of friction can be abolished, and a steering feeling can be raised. 

[0006] As indicated to claim 3, in addition, the above-mentioned brake current setting means A basic value 
setting means to set up a brake current basic value based on the hand of cut and the number of rotations 
which are detected by the above-mentioned motor rotation detection means, The direction of the generating 
torque of the above-mentioned motor according to the hand of cut detected by the above-mentioned motor 
rotation detection means, A direction difference decision means to judge difference with the direction of the 
steering torque detected by the above-mentioned steering torque detection means, A torque correction factor 
setting means to define a torque correction factor based on the magnitude of the steering torque detected by 
the decision result of this direction difference decision means, and the above-mentioned steering torque 
detection means, It is desirable to include the 1st multiplication means which carries out the multiplication of 
the torque correction factor set as the brake current basic value set up by the above-mentioned basic value 
setting means by the above-mentioned torque correction factor setting means. 

[0007] For example, when returning to a center valve position from the condition which cut the handle deeply, 
since the force is lightly applied to a handle in order to prevent an operator s lifting a hand from a handle or a 
handle returning suddenly, the direction of steering torque and the direction of the generating torque of a 
motor become reverse. On the other hand, when cutting a handle deeply the right or leftward, the direction of 
steering torque and the direction of the generating torque of a motor are in agreement. Therefore, a steering 
feeling can be raised, without worsening the transit stability of a car, and the astringency to the center valve 
position of a handle by setting up a torque correction factor so that a brake current value may become small if 
a torque correction factor will be set up so that a brake current value may become large if the direction and 
motor rotation direction of steering torque are reverse, and the direction and motor rotation direction of 
steering torque are in agreement. 

[0008] Invention according to claim 4 the above-mentioned electric power-steering equipment The vehicle 
speed detection means for detecting the travel speed of a car is included further. The above-mentioned brake 
current setting means A vehicle speed correction factor setting means to define a vehicle speed correction 
factor based on the travel speed of the car detected by the above-mentioned vehicle speed detection means, 
It is electric power-steering equipment according to claim 3 characterized by including further the 2nd 
multiplication means which carries out the multiplication of the vehicle speed correction factor set up by this 
vehicle speed correction factor setting means to the brake current basic value set up by the above-mentioned 
basic value setting means. 

[0009] According to. this invention, it can prevent that the transit stability of the car at the time of high-speed 
transit is spoiled by, setting up a vehicle speed correction factor for example, at the time of high-speed transit, 
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so that a value with a big brake current value may be taken, and setting up a vehicle speed correction factor 

at the time of low-speed transit so that a value with a small brake current value may be taken. 

[0010] 

[Embodiment of the Invention] Below, the gestalt of implementation of this invention is explained to a detail 
with reference to an accompanying drawing. Drawing 1 is the block diagram showing the electric configuration 
of the electric power-steering equipment concerning 1 operation gestalt of this invention. The torque sensor 1 
for detecting steering torque is attached to the steering device, and a control section 2 controls a motor 4 
based on the output signal of a torque sensor 1, and the output signal of the speed sensor 3 which detects the 
vehicle speed. The driving force which this motor 4 generates is transmitted to a steering device as steering 
auxiliary force through the suitable driving force transfer device containing a reducer etc., and steering 
assistance is performed. 

[001 1] The current from the motorised circuit 5 is supplied, the motor current which flows on a motor 4 is 
detected by the motor current detector 6, the electrical potential difference between terminals of a motor 4 is 
detected by the motor terminal voltage detector 7, and all are inputted into a motor 4 at a control section 2 
for feedback control. The control section 2 is constituted by the microcomputer etc., and when this 
microcomputer operates according to a predetermined program of operation, it realizes a function required for 
control of a motor 4. Thereby, the control section 2 has substantially two or more functional block explained 
below. 

[0012] Namely, the phase compensation section 21 for a control section 2 advancing the phase of the output 
signal of a torque sensor 1 f and stabilizing a system, The current command value operation part 22 which 
generates a suitable current command value based on the output of the phase compensation section 21 etc., It 
has the subtraction section 23 which calculates the deflection of a current command value and the motor 
current value detected by the motor current detector 6, and the PWM generation section 24 which generates 
an PWM driving pulse based on the output of this subtraction section 23. 

[0013] The torque motor current characteristic table 31 which outputs the target current value I 
corresponding to torque value T to which the phase compensation section 21 outputs the current command 
value operation part 22, The derivative-control table 32 which outputs current correction value deltal 
corresponding to time amount differential value delta[ of output torque value T of the phase compensation 
section 21 ] T, The motor rotation detecting element 33 which detects the rotational frequency N of a motor 4 
based on each output of the motor current detector 6 and the motor terminal voltage detector 7, The brake 
current control section 34 which generates brake current value deltalbc based on torque value T which the 
vehicle speed V which the rotational frequency N which this motor rotation detecting element 33 outputs, and 
a speed sensor 3 detect, and the phase compensation section 21 output is included. The torque motor current 
characteristic table 31 has two or more tables which set up a different torque motor current characteristic for 
every vehicle speed region, and any one table is chosen based on the output signal of a speed sensor 3. 
[0014] The torque motor current characteristic table 31 outputs the target current I of a forward value, when 
generating the torque of the direction which generates the auxiliary force over rightward steering from a motor 
4, and when generating the torque of the direction which generates the auxiliary force over leftward steering 
from a motor 4, it outputs the target current I of a negative value. Moreover, torque value T inputted from the 
phase compensation section 21 takes a forward value, while rightward steering torque is acting on a handle, 
and while leftward steering torque is acting on a handle, it takes a negative value. And as for the target current 
value I, the target current value I is set to increase in monotone within fixed limits to torque value T. 
[0015] The derivative-control table 32 is for improving the response delay resulting from the inertia of a motor 
4 and the mechanism element relevant to this. That is, when taking a value with the big absolute value of time 
amount differential value deltaT of torque value T by performing sudden steering, according to it, current 
correction value deltal with a big absolute value is generated. This current correction value deltal is added to 
the target current value I which the torque motor current characteristic table 31 outputs in an adder unit 35, 
and, thereby, target current value I+delta I to which amendment for a responsibility improvement was 
performed is obtained. 

[0016] The motor rotation detecting element 33 first calculates the average la of the motor current detected 
by the motor current detector 6, and the average Va of the electrical potential difference between terminals 
detected by the motor terminal voltage detector 7 in order to compute the rotational frequency N of a motor 
4. And according to a ****** (1) type, the instantaneous value R of the internal resistance of a motor 4 is 
computed from the calculated motor current average la and the electrical-potential-difference average Va 
between terminals. 

R=Va/Ia Time quadrature of (1), next the motor internal resistance instantaneous value R is carried out, 

the internal resistance value Ri of a motor 4 is calculated, and the reverse electromotive voltage Vc of a motor 
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4 is calculated according to a ****** (2) type from this internal resistance value Ri, the motor current average 
la, and the electrical-potential-difference average Va between terminals. 

[0017] Vc=Va-Ia-Ri The rotational frequency N of a motor 4 is computed by carrying out the multiplication 

of the motor generation-of-electrical-energy constant K which is the ratio of a rotational frequency to the 
reverse electromotive voltage Vc to the reverse electromotive voltage Vc of the motor 4 for which it asked as 
mentioned above according to (2) and a ****** (3) type. This rotational frequency N has a sign corresponding 
to the sign of the reverse electromotive voltage Vc of a motor 4, for example, takes a forward value to 
rightward rotation of a motor 4, and takes a negative value to leftward rotation of a motor 4. That is, it can be 
said that a rotational frequency N is the rotational speed containing the hand-of-cut component of a motor 4. 

[0018] N=K-Vc (3) The brake current basic value setting table 41 which outputs the brake current basic 

value Ibc corresponding to the number N of rotations to which the motor rotation detecting element 33 
outputs the brake current control section 34, The vehicle speed correction factor table 42 which multiplies by 
it and outputs the vehicle speed correction factor according to the vehicle speed V to the brake current basic 
value Ibc, It has the torque correction factor table 43 which multiplies the value which this vehicle speed 
correction factor table 42 outputs by output torque value [ of the phase compensation section 21 ] T, and the 
torque correction factor according to the engine speed N of a motor 4, and generates brake current value 
deltalbc. 

[0019] Brake current value deltalbc which the torque correction factor table 43 (brake current control section 
34) generates is subtracted from target current value I+deltal in the subtraction section 36, and let value 
I+delta I-delta Ibc obtained by this be a current command value. Drawing 2 is drawing for explaining generation 
of brake current value deltalbc by the brake current control section 34 to a detail, and shows an example of 
the brake current basic value setting vehicle speed correction factor table [ torque correction factor ] 41, 42, 
and 43. 

[0020] The absolute value of the rotational frequency N of a motor 4 (refer to drawing 1 ) is below an absolute 
value of constant value +N1 and -N1, and the brake current basic value setting table 41 sets the brake current 
basic value Ibc as zero, when the relation of inequality-NI <=N<=+N1 is being filled. Moreover, when the 
absolute value of the engine speed N of a motor 4 is more than an absolute value of constant value +N2 and - 
N2, the brake current basic value Ibc is set as the valiie which was able to be defined beforehand. And when 
the rotational frequency N of a motor 4 is filling inequality-N2<N<-N1 or +NKN<+N2, it sets up so that the 
absolute value of the rotational frequency N of a motor 4 is large, and the absolute value of the brake current 
basic value Ibc may become large. In addition, the property of the brake current basic value setting table 41 is 
good also as a straight line passing through a zero. However, the brake current basic value Ibc set up by doing 
in this way is set as a forward value, when the motor 4 is carrying out rightward rotation, and when the motor 
4 is carrying out leftward rotation, it is set as a negative value. 

[0021] The vehicle speed correction factor table 42 is for attaining the good steering feeling according to the 
vehicle speed V. That is, at the time of low-speed transit of a car, since it is desirable to supply a high current 
to a motor 4 and to generate the big steering auxiliary force, comparatively small brake current value deltalbc 
of an absolute value is suitable. On the other hand, in order to stop wandering of a car and to raise transit 
stability at the time of high-speed transit of a car, comparatively big brake current value deltalbc of an 
absolute value is suitable. 

[0022] Then, it is set as the value which is proportional to the vehicle speed V about a vehicle speed 
correction factor when the vehicle speed correction factor was set as 1 when it was [ more than high-speed 
V2 / if it is less than / low speed V1 / as which for example, the vehicle speed V determines the vehicle 
speed correction factor table 42 beforehand, it will set a vehicle speed correction factor as 0, and the vehicle 
speed V sets beforehand ], and there was the vehicle speed V within limits smaller more greatly than the 
above-mentioned low speed V1 than the above-mentioned high speed V2. And the vehicle speed correction 
factor set up according to this vehicle speed V is multiplied by it and outputted to the brake current basic 
value Ibc to which it is given from the brake current basic value setting table 41. 

[0023] From the rotational frequency N which torque value T and the motor rotation detecting element 33 
which the phase compensation section 21 outputs output, the torque correction factor table 43 asks for the 
relation of the direction of steering torque and the hand of cut of a motor 4 which act on a handle, and sets up 
a torque correction factor based on the absolute value of this relation and torque value T. For example, when 
returning to a center valve position from the condition which cut the handle deeply, in order to eliminate the 
effect by the inertia of a motor 4 and to make a handle converge on a center valve position promptly, it is 
desirable to be set as comparatively big brake current value deltalbc of an absolute value. It is appropriate to 
be set as comparatively small brake current value deltalbc of an absolute value on the other hand, since it is 
desirable to supply a high current to a motor 4 and to generate the big steering auxiliary force when cutting a 
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handle deeply the right or leftward. 

[0024] Moreover, since the force is lightly applied to a handle in order to prevent an operators lifting a hand 
from a handle or a handle returning suddenly when returning to a center valve position from the condition 
which cut the handle deeply, torque value T which the phase compensation section 21 outputs becomes the 
value which has zero or a sign contrary to the rotational frequency N of a motor 4. On the other hand, when 
cutting a handle deeply the right or leftward, the sign of torque value T and the sign of the rotational frequency 
N of a motor 4 which the phase compensation section 21 outputs are in agreement. 

[0025] Then, the torque correction factor table 43 sets a torque correction factor as 1, when torque value T 
which the phase compensation section 21 outputs is the value which has zero or a sign contrary to the 
rotational frequency N of a motor 4. And it takes advantaging of the value to which this set-up torque 
correction factor is given from the vehicle speed correction factor table 42, and the value acquired by this is 
outputted as brake current value deltalbc. Since brake current value deltalbc is set as the comparatively big 
value of an absolute value when this returns to a center valve position from the condition which cut the handle 
deeply, a handle can be made to converge on a center valve position promptly. 

[0026] Moreover, when the sign of torque value T and the sign of the engine speed N of a motor 4 which the 
phase compensation section 21 outputs are in agreement, the torque correction factor table 43 sets up a 
torque correction factor based on the absolute value of torque value T. For example, if it is more than 2 
[ value T] it will set a torque correction factor as 1 and the absolute value of torque value T will set 
beforehand, if the absolute value of torque value T is less than [ value T1 ] which is defined beforehand, a 
torque correction factor will be set as constant value alpha, and if there is an absolute value of torque value T 
within larger limits smaller than the above-mentioned value T2 than the above-mentioned value T1, a torque 
correction factor will be small set up, so that the absolute value of torque value T is large. And it takes 
advantaging of the value to which this set-up torque correction factor is given from the vehicle speed 
correction factor table 42, and the value acquired by this is outputted as brake current value deltalbc. 
Thereby, when cutting a handle deeply the right or leftward, according to the absolute value of torque value T, 
an absolute value is relatively set as a small value, and brake current value deltalbc can generate sufficient 
steering auxiliary force (torque) from a motor 4. 

[0027] The current command value for controlling the motor current which flows on a motor 4 according to 
this operation gestalt is set as the value which subtracts brake current value deltalbc which the brake current 
control section 34 generates, and is acquired from the sum of the target current value I which the torque 
motor current characteristic table 31 generates, and current correction value deltal which the derivative- 
control table 32 generates as mentioned above. And brake current value deltalbc which the brake current 
control section 34 generates is set up by multiplying the brake current basic value Ibc corresponding to the 
motor engine speed N by the torque correction factor according to the relation of the direction of steering 
torque and the hand of cut of a motor 4 which act on the vehicle speed correction factor and handle according 
to the vehicle speed V. 

[0028] When this returns to a center valve position from the condition which cut the handle deeply, a handle is 
made to converge on a center valve position promptly, and when cutting a handle deeply the right or leftward, 
it becomes possible to generate sufficient steering auxiliary force from a motor 4. Therefore, in case a handle 
is cut deeply the right or leftward, a possibility of giving an operator a feeling of friction can be abolished, and a 
steering feeling can be raised. And since a vehicle speed correction factor is set up at the time of high-speed 
transit so that a value with the big absolute value of brake current value deltalbc may be taken, the transit 
stability of the car at the time of high-speed transit is not spoiled. 

[0029] As mentioned above, although 1 operation gestalt of this invention was explained, this invention can be 
carried out with other gestalten. For example, after multiplying the brake current basic value Ibc by the vehicle 
speed correction factor, although [ an above-mentioned operation gestalt ] multiplied by the torque correction 
factor, after multiplying the brake current basic value Ibc by the torque correction factor, you may multiply by 
the vehicle speed correction factor. Moreover, in order to set up brake current value deltalbc which considered 
the vehicle speed V, the brake current basic value Ibc is not multiplied by the vehicle speed correction factor 
according to the vehicle speed V, but two or more different brake current basic value setting tables 41 for 
every vehicle speed region are prepared, one of tables is chosen according to the vehicle speed V, and you 
may make it define the brake current basic value Ibc based on this selected table. 

[0030] In addition, it is possible to perform design changes various in the range of the matter indicated by the 
claim. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the electric configuration of the electric power-steering equipment 
concerning 1 operation gestalt of this invention. 

[Drawing 2] It is drawing for explaining generation of the brake current value by the brake current control 
section to a detail, and an example of a brake current basic value setting table, a vehicle speed correction 
factor table, and a torque correction factor table is shown. 
[Description of Notations] 4 

1 Torque Sensor (Steering Torque Detection Means) 

2 Control Section 

3 Speed Sensor (Vehicle Speed Detection Means) 

4 Motor 

5 Motorised Circuit 

6 Motor Current Detector (Motor Rotation Detection Means) 

7 Motor Terminal Voltage Detector (Motor Rotation Detection Means) 

23 Subtraction Section 

24 PWM Generation Section (Motor Control Means) 

31 Torque Motor Current Characteristic Table (Current Desired Value Setting Means) 

32 Derivative-Control Table (Current Desired Value Setting Means) 

33 Motor Rotation Detecting Element (Motor Rotation Detection Means) 

34 Brake Current Control Section (Brake Current Setting Means) 

35 Adder Unit (Current Desired Value Setting Means) 

36 Subtraction Section 

41 Brake Current Basic Value Setting Table (Basic Value Setting Means) 

42 Vehicle Speed Correction Factor Table (Vehicle Speed Correction Factor Setting Means, 2nd Multiplication 
Means) 

43 Torque Correction Factor Table (Direction Difference Decision Means, Torque Correction Factor Setting 
Means, 1st Multiplication Means) 



[Translation done.] 
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